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Metal fatigue has plagued structural components for centuries, and it remains a critical 
durability issue in today’s aerospace hardware. This is true despite vastly improved and advanced 
materials, increased mechanistic understanding, and development of accurate structural analysis and 
advanced fatigue life prediction tools. Each advance is quickly taken advantage of to produce safer, 
more reliable, more cost effective, and better performing products. In other words, as the envelop is 
expanded, components are then designed to operate just as close to the newly expanded envelop as they 
were to the initial one. The problem is perennial. 

The economic importance of addressing structural durability issues early in the design process 
is emphasized. Tradeoffs with performance, cost, and legislated restrictions are pointed out. Several 
aspects of structural durability of advanced systems, advanced materials and advanced fatigue life 
prediction methods are presented. Specific items include the basic elements of durability analysis, 
conventional designs, barriers to be overcome for advanced systems, high-temperature life prediction 
for both creep-fatigue and thermomechanical fatigue, mean stress effects, multiaxial stress-strain states, 
and cumulative fatigue damage accumulation assessment. 
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■GRC Fatigue Crack Initial 
Life Prediction Models 


Metal fatigue has plagued structural components for centuries, and it remains a critical durability 
issue in today's aerospace hardware. This is true despite (a) the development of vastly improved and 
advanced materials, (b) increased mechanistic understanding, and (c) development of accurate 
structural analysis and advanced fatigue life prediction tools. Each advance is quickly taken advantage 
of to produce safer, more reliable, more cost effective, and better perforating products. In other 
words, as the envelop of capability expands, components are designed to operate just as close, or even 
closer, to the newly expanded limits as they did to the initial ones. The problem is perennial. 

The economic importance of addressing structural durability issues early in the design process is 
emphasized. Durability tradeoffs with performance, cost, and legislated restrictions are pointed out. 
Several unique aspects of structural durability of advanced systems, advanced materials and advanced 
fatigue life prediction methods are presented. Specific items to be discussed include the basic elements 
of durability analysis, conventional designs, barriers to be overcome for advanced systems, high- 
temperature life prediction for both creep-fatigue and therraomechanical fatigue, mean stress effects, 
muldaxtal stress strain slates, and cumulative fatigue damage accumulation assessment. While not 
classified as being truly mechanistic models with a raicromechanistie basis, they do contain aspects 
traceable to macroscopic, cause-and-effect phenomena. In their present form, the models are 
deterministic. Some examples of their application is presented. The models are awaiting efforts to be 
recast into probabilistic iulerpretatioii, 
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0 - SETTING THE STAGE 

- Cost of Elimination of Failure Modes 

- Structural Durability - Vs. Performance - Vs. Cost 

Durability, die poor step child 

Life prediction •• a perennial problem (local vs. global) 

- Prediction vs. Verification dilemma 


0 - GLENN DURABILITY LIFING MODELS 


Specific Materia! Madds( for example. Oxidation. Coatings Brittle Materials, etc. 

- Damage Mechanics, Models 

f atigue Crack Growth Models 
Multi-Factor Approach 

- Fatigue Crack Initiation/Early Growth Models 

-- Estimating Fatigue Curves (LCF & HCP) 

Modeling Effects of Variables 

- Mean stresses 

- Notches 

- Multiaxiality 

- Cumulative Fatigue Damage 
~ Creep- Fatigue 

- Thermoniechamutl Fatigue 
Probabilistic Assessment of Non-Linear Effects 
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Elements of Durability Analyses 


0 - Mission and Environmental Loading Analysis 
0 - Global Structural Response Analysis 
0 - Local Stress-Straiii-Tenip-TIme Material Rest 


Failure Modes Analysts 


ality Analysis and Non-Destructive Evaluation (NDE) 
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0 - Previous design experience 

0 - Directly applicable rules of thumb 

[0 - Previous mission experience on similar hardware 

10 - Extensive material property data bases 

I) - Knowledge of all potential failure modes 

O - Knowledge of synergistic durability interactions 

0 - Affordable ‘build-enP and bust-em’ prototypes 
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BARRIERS TO ASSURED DURABILITY 
OF ADVANCED SYSTEMS 

0 - Lack of previous direct experlen.ee/riiles of thumb 

0 - Limited material property data bases 

— long-term data bases unachievable in timely manner 

0 - Ignorance of failure modes / synergistic interactions 

0 - Low fidelity of damage accumulation/life models 

§ - Prototypes too expensive to test or lead times too long 
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SURMOUNTING THE BARRIERS 


0 - Accept up-front costs of designed-in durability 
t) - Require critical niiiiinuiiii data bases 

- Early initiation of long-term testing 

0 - Seek out failure modes & any synergism 
|0 - Capture the “physics” of damage accumulation 
I) - Analytically model damage/life prediction 
0 - Maximize durability information from each test 

- Fewer tests, however, decrease assessment of probabilities of failure 

0 - Continuously update analytic models 
0 - Take advantage of probabilistic analyses where possible 
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Description 


Estimates Fatigue Resistance of Materials 
(Bxtendve tm . e.g Rnekctdvne - SSME design} 

- Tcnaste Ductility & Tensile Strength 
■ Cryogenic, A nbs nt High Tmpe&tttm (10% Rule} 



■ Mohassuhn \u i'u.nuliPv Factor 


- Mean Stress Coalmen 



Clydk Ssrea>-S;soiri Ncidser Ncxch Analysis 


Predicts Cumulative Damage Life of Components 

■ V sm » s i, ) < ilw.i ’ A „s aei 

- Prsdfcss Crack Na>A\>nw? & Early Growth 

- Damage Curve Approach & Double Linear Damafe Roktfcr Mission 
•• Mahlaxialir. via Triamaiity Factor 

- Mean Stress C- >rrev tion 


Predicts Cyclic Ufa of C-Sectioa Components 

- Mufek.xiabty via rosxkiky Factor 


Predicts Cyclic Life of High-Temp Components 
(Adopted by FcM&Co - Want fold ''Exhaust System Design) 

■ Utilizes Raw Expeun.aroal Data 

- Total Siiaintxogc Partitioning (SRp) 

- Kotkcitt a, Creeg-Fatigos ftitCTa.ci.lsa Assessment 

- TfcermomeeftsMsioal Fatigue Life Prediction 

- RtEtmtx. Osafad,’n«n,or 

- Cyclic t . S • i,r I me I eirjjvo «rc Chantcieriratkin 

- Mufuaxjalttx via I ruxsThry Factor 
rherm ! Ms g ' Sits -- < os SBiiOsi 
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0 - Why the Fuss? 

- Example of Material Behavior 

0 - Simple Models Developed 

* Require no more than Linear Damage Rn|l 

0 - Sample Calculations 

- Idealized Space Shuttle Component 
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Why the Fuss? 

in Two Load Level Cumul 
y D.TJD. 


* High- to tow-cycle fatigue 
o Lew- to high-cyck* taftgye 
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StralnRange Partitioning (SRP) 

Linear Time- and Cvcl 
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StrainRange Partitioning (SRP) 

Isothermal Total Strain Version of StrainRange Partitioning (TS 
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StrainRange Partitioning (SRP) 

Tliermoiiieciaiiical Fatigue Version of SSP fFMF-SKP) 
Applied to Automotive Exhaust System Alloy (Ferritic 41)9 S 


C#rre!atlsis of cslaateW sind observed lives ttf Wf&ensal oai-of-pbose 
beiwem 401 a%4 IMMi € 
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StrainRange Partitioning (SRP) 

ThermomecJiaoicai Fatigue Version of SRP (TMF-SRP) 
Applied to Haynes 188 & B-1900 


M Out-of-phase 81900 « 
V Sa-phas® Haynes 18# 
£i Ouf-ol'-phase Haynes 
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